A search for flavour-changing neutral current (FCNC) processes in topquark decays is presented. Data collected from proton-proton collisions at the LHC at a centre-of-mass energy of √ s = 13 TeV corresponding to an integrated luminosity of 36 fb −1 , are analysed. A search is performed for top-quark pair-production events, with one top-quark decaying through the t → qZ (q = u, c) FCNC channel, and the other through the dominant Standard Model mode t → bW . Only the decays of the Z boson to charged leptons and leptonic W boson decays are considered as signal. No evidence for a signal is found. The observed and expected upper limits on the branching ratio of t → uZ and t → cZ are set at 95% confidence level and are about a factor 3 better than the ones obtained with the Run 1 data of the ATLAS detector.
Introduction
The top quark is the heaviest elementary particle known, with a mass m t = 173.1 ± 0.6 GeV [1] . In the the Standard Model of particle physics (SM), it decays almost exclusively to bW and flavour-changing neutral current (FCNC) decays such as t → qZ are forbidden at tree level. However, FCNC decays occur at one-loop level, but are strongly suppressed by the GIM mechanism [2] with a suppression factor of 14 orders of magnitude with respect to the dominant decay mode [3] . This essentially guarantees that any measurable branching ratio (BR) for top FCNC decays is an indication of new physics. Several SM extensions predict higher branching ratios for top-quark FCNC decays, see Ref. [4] for a comprehensive review of the various extensions of the SM that have been proposed.
Experimental limits on the FCNC t → qZ BR were established by several experiments [5, 6, 7, 8, 9, 10, 11, 12, 13, 14] . Before the results reported here the most stringent limits, BR(t → uZ) < 2.2 × 10 −4 and BR(t → cZ) < 4.9 × 10 −4 at 95% confidence level, were the ones from the CMS Collaboration [13] using data collected at √ s = 8 TeV. For the same centre-of-mass energy, the ATLAS Collaboration derived a limit of BR(t → qZ) < 7 × 10 −4 [14] . This analysis presents a search for the FCNC decay t → qZ in top-quark-topantiquark events with one top quark decaying through the FCNC mode and the other through the dominant SM mode (t → bW ). Only the decays of the Z boson into charged leptons * and leptonic W boson decays are considered. The final-state topology is thus characterised by the presence of three isolated charged leptons, at least two jets with exactly one being tagged as a jet containing b-hadrons, and missing transverse momentum from the undetected neutrino.
Samples and selection
This analysis uses pp collisions data collected by the ATLAS detector during 2015 and 2016 at a centre-of-mass energy of √ s = 13 TeV and corresponding to an integrated luminosity of L = 36 fb −1 . Monte-Carlo simulation samples (MC) are used to model the signal and several background processes. The main source of background events containing three real leptons are diboson production, ttZ and tZ processes. These backgrounds are estimated using the MC simulation. An additional background originates from events with two or fewer real leptons and additional non-prompt † leptons. Such a background is estimated using the MC samples corrected by data in the dedicated control regions. * In this article, lepton denotes electron or muon, including those coming from leptonic tau decays.
† Prompt leptons are leptons from the decay of real W or Z bosons, either directly or through the chain of τ → νν, or from the semileptonic decay of top-quarks.
According to the signal topology events are requied to contain exactly three isolated charged leptons with |η| < 2.5 and p T > 15 GeV. The Z boson candidate is reconstructed from the two leptons that have the same flavour, opposite charge and a reconstructed mass within 15 GeV of the Z boson mass (m Z [1] ). If more than one compatible lepton-pair is found, the one with the reconstructed mass closest to m Z is chosen as the Z-boson candidate. According to the signal topology, the events are then required to have E miss T > 20 GeV and at least two jets. All jets are required to have p T > 25 GeV and |η| < 2.5. Exactly one of the jets must be b-tagged. Applying energy-momentum conservation, the kinematic properties of the top quarks are reconstructed from the corresponding decay particles by minimising, without constraints, the following expression:
where m 
Statistical analysis
The statistical analysis to extract the signal is based on a binned likelihood function L(µ, θ) constructed as a product of Poisson probability terms over all bins in each considered distribution, and several Gaussian constraint terms for θ, a set of nuisance parameters that parametrise effects of statistical uncertainty and all sources of systematical uncertainties (theoretical, experimental and event modelling) on the signal and background expectations. This function depends on the signal-strength parameter µ, a multiplicative factor for the number of signal events normalised to a reference branching ratio. The distributions from the SR and pre-defined background control regions (for non-prompt leptons, W Z, ZZ and ttZ events) are combined to test for the presence of a signal. The χ 2 variable from the reconstruction of top-quark candidates is used for the signal-to-background discrimination in the SR. No attempt is made to separate the signal from the background in the background control regions, but they allow a tighter constraint of backgrounds and systematic uncertainties in a combined fit with the signal region.
The test statistic q µ is defined as the profile likelihood ratio [15] :
which is used to measure the compatibility of the observed data with the backgroundonly hypothesis (i.e. for µ = 0), and to make statistical inferences about µ, such as upper limits using the CL s method [16, 17] .
Results
Good agreement between data and expectation from the background-only hypothesis is observed and no evidence for an FCNC signal is found. The distribution of the discriminant variable in the SR is presented in Figure 1 , before and after the fit under the background-only hypothesis. The upper limits on BR(t → qZ) are computed with the CL s method using the asymptotic properties of q µ [15] and assuming that only one FCNC mode contributes. The resulting observed (expected) limits at 95% CL are 
Conclusions
A search for FCNC processes in top-quark decays is presented. The ATLAS data of 13 TeV corresponding to an integrated luminosity of 36 fb −1 , are analysed. No evidence for a signal is found and the observed (expected) upper limits on the t → uZ and t → cZ branching ratios of 1.7 × 10 −4 (2.4 × 10 −4 ) and 2.3 × 10 −4 (3.2 × 10 −4 ) are set at 95% confidence level, respectively.
